We report measurements of the optical response of polycrystalline DyN thin films. The frequency-dependent complex refractive index in the near IR-visible-near UV was determined by fitting reflection/transmission spectra. In conjunction with resistivity measurements these identify 
I. INTRODUCTION
Nitride compounds of rare-earth (RE) ions have gained attention due to their interesting magnetic and electronic properties. With the exception of Ce the RE ions are in their preferred trivalent state in the nitrides, so that their magnetic characters originate from their incompletely filled 4f shell. They are predicted to be half metals or ferromagnetic semiconductors; thus they are strong candidates for use in spintronic devices.
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Among the rare-earth nitride (REN) family, GdN is the most thoroughly studied [6] [7] [8] [9] [10] compound. The Gd 3+ ion has half filled 4f shell with spin moment 11 of 7µ B . Its nitride is now a well established ferromagnetic semiconductor 6 with T C =70 K, though a lower 12, 13 T C =30 K is also reported. It has an optical energy gap 12-14 of 1.3 eV in its paramagnetic state and 0.98 eV in ferromagnetic state. Most of the other RENs are known to be ferromagnetic with lower Curie temperatures; the exception 15 is EuN , which cannot order due to the J = 0 state of the 4f shell in Eu 3+ .
The present work describes an experimental study of DyN. It is a ferromagnetic semiconductor with a reported 16, 17 T C ranging between 17 and 26 K. LSDA+U electronic structure calculations 3 predict that seven spin-majority 4f states occur in three deep narrow bands while two 4f electrons go in minority-spin bands 5 eV below the top of the valence band.
The same study shows a small indirect gap between the top of the valence band at Γ and the conduction band minimum at X and a minimum direct gap of 1.17 eV at X.
There are decades-old reports 18, 19 of absorption edges of almost all RENs, with the exception of CeN and PmN, though it is now recognised that those early materials were subject to the formation of nitrogen vacancies and decomposition as oxides in air. In particular DyN has been reported to show an onset of absorption ranging 18-20 from 2.9 eV to 0.91 eV.
II. EXPERIMENTAL DETAILS
Thin films of DyN were prepared at ambient temperature by depositing Dy at a rate of 0.5-2Ås −1 in the presence of 10 −4 -10 −5 mbar of carefully purified N 2 , as has been described in more detail previously. 6 It is expected that, as is true for GdN, a high concentration of nitrogen-vacancy donors will be found in any but the films grown in the highest N 2 pressures.
The nitrogen vacancies each bind either one or two electrons, leaving at least one electron in the conduction band.
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Before depositing the films the chamber was evacuated to a base pressure of less than 10
mbar, and residual gasses were reduced further during deposition by the gettering effect of Dy. Due to the propensity of the rare-earth nitride thin films to atmosphere, these films need to be passivated with a capping layer. The choice of substrate and cap was dictated by the measurements to be made: sapphire and MgF 2 for the near-visible range, yttria-stabilised zirconia and Si for the far infrared. XRD was performed to establish the crystal structure, lattice constant and orientation of the films.
Magnetic measurements were performed with a Quantum Design MPMS superconducting quantum interference device. The resistances of the films were monitored both in situ during growth and ex situ as a function of temperature.
Transmission and reflection spectra were obtained for Al 2 O 3 /DyN/MgF 2 in the energy range of 0.5-2.0 eV using a Fourier transform spectrometer (BOMEM model DA8) and from 1 to 6 eV using a conventional visible-UV spectrometer. A gold film and quartz wedge were used as the comparison standard for reflectance measurements in the infra-red and visible regions respectively. Reflectance measurements were performed for light incident on both the film and substrate surfaces, but since the transmittance is unaffected by the direction that light traverses through the sample it was taken from one side alone. The partially reflected and transmitted rays interfere to form a complex interference pattern that can compete with the loss of transmission signalling the absorption edge. In order to extract the optical constants of the DyN layer a commercial software TFCalc was used which makes use of characteristic matrix method.
The unpolarized near-normal infrared (IR) reflectance spectra were taken using a Bruker IFS 113v FTIR spectrometer in the spectral range of 30-3000 cm −1 with a resolution of 2 cm −1 . Each of the reflectance spectra was evaluated as a two-layer optical system. 22 At first, the bare substrate reflectivity was measured and carefully fitted using the generalized factorized damped harmonic oscillator model
where ω LOj and ω T Oj are transverse and longitudinal frequencies of the j-th polar phonon, respectively, γ LOj and γ T Oj are their damping constants, and ǫ ∞ denotes the high frequency permittivity resulting from electronic absorption processes. The complex dielectric function ǫ * (ω) is related to the reflectivity R(ω) of the bulk substrate by
The high-frequency permittivity ǫ ∞ = 5.88 of the substrate resulting from the electronic absorption processes was obtained from the frequency independent reflectivity tail above the phonon frequency. When analyzing the reflectance of the substrate together with the film, we used the bare substrate parameters and adjusted only the dielectric function of the film.
For this purpose, we preferentially used a classical three-parameter damped oscillator model
where ∆ǫ j is the dielectric strength of the j-th mode. as obtained from its cap side. Focusing on the low energy region (0.5 eV-1.0 eV) first, we find that the absorptance (1-R-T) is zero within 2% uncertainty, as establishing a very low free carrier density expected of a semiconductor and signalling that this energy range is below the interband edge. Above 1.2 eV the transmitted light falls gradually indicating the presence of interband transitions.
III. RESULTS AND DISCUSSIONS
The interpretation of the R/T spectra was accomplished assuming the refractive indices for the MgF 2 cap and sapphire substrate as 1.4 and 1.8, respectively. To first approximation, the absorption below the edge was initially set to zero, as is in any case indicated by R+T=1.
The refractive index of 2.0 was then determined by fitting the transmission spectra below the band edge; even the average value of transmission ensures that this is the refractive index in this energy range. Next, with this value of the refractive index approximated as constant above the edge, values of k were extracted by fitting the absorption spectra.
Spectral dependence of refractive index was then allowed, but the variations were below the level of confidence so we quote a refractive index of 2.0±0.1. The circles in Figure 3 show a comparison between the calculated and measured R/T spectra. We regard the fit as reasonable; the computer program calculates optical spectra for perfect interfaces and uniform films, but in reality one expects the films to show some degree of interface roughness and also we do not know thickness of the film very accurately. Figure 4 shows the imaginary part of the dielectric function calculated by using ǫ ′′ = 2nk
where n and k were obtained from the fits above. The absorption increases monotonically with energy, showing no structure that might result from interband onsets at any energy above the first optical absorption edge. The rapid drop near the edge extrapolates to a gap of about 1.2 eV, with a tail to lower energy that we believe is related to uncertainties in the parameters due to incomplete correction for the interference fringes. It agrees within uncertainty with the X-point gap of 1.17 eV predicted by Larson 3 et al.
Two further films have been studied, grown with substantially smaller excess nitrogen flux as indicated in Table I . As expected the higher density of N 2 vacancies in these films lead to free-carrier absorption below 1.2 eV, with absorption coefficient at 0.5 eV also listed in the Table. It is clear that a reduced N 2 /Dy ratio leads to sub-gap absorption, as is expected for the higher density of nitrogen vacancy dopants that has earlier been reported for a lowered N 2 pressure during rare earth nitride growth. Turning now to the far infrared data we show in Figure 6 the reflectivity of the bare YSZ substrate and of the Si-capped DyN film on the YSZ substrate. These data can be fitted with only two damped oscillators; the dominant TO phonon expected in the NaCl structure is here at 280 cm −1 , damping constant 160 cm −1 ; the frequency is somewhat lower than the estimated 338 cm −1 based on an LSDA+U approximation. 5 The mode gives a contribution of 20 to the dc dielectric constant (Figure 7 ), though this number is sensitive to the assumed film thickness, which was not accurately known. The satisfactory fit required also a weaker resonance at 1200 cm −1 , damping 2400 cm −1 and dielectric contribution of 1.8. We assign this to a transition from nitrogen vacancy states expected to lie close below the conduction band. 21 The fit also returns a high-frequency dielectric constant of 4.4, in reasonable agreement with the near IR refractive index of 2.0±0.1.
IV. SUMMARY
The optical response of DyN has been measured from 0.005 to 5. 
